INTRODUCTION
In the Chugoku district , Southwest Japan, the tungsten and molybdenum ore deposits are distributed in and around the Late Cretaceous to Eary Tertiary granitic rocks (Fig. 1) . Kinosaki (1952) divided the granitic rocks of the district into two rock provinces based on their metallogenetic characters: one is the San-in granite province (later re-defined as the SaninShirakawa Zone by Ishihara (1973) and Tsusue and Ishihara (1974) ), and the other is the Hiroshima granite province (the Sanyo-Naegi Zone, ditto). The definition of the granitic provinces by Tsusue and Ishihara (1974) will be used in this paper. The granitic rocks of the former are characterized by hydrothermal Mo (molybdenite) and clay (sericite) mineralization, while those in the latter by pneumatolytic and hydrothermal tungsten (wolframite) mineralization (Kinosaki, 1952) . This study is essentially an extension of the pioneer work by Kinosaki (1952) .
Subsequent studies by Ishihara (1971 Ishihara ( , 1973 , Kanaya and Ishihara (1973) , Shibata and Ishihara (1974) , Tsusue and Ishihara (1974), and Ishihara and Matsuhisa (1977) confirmed the difference of the above two granitic rocks in their petrological and geochemical properties. One of their con spicuous matters is the K-Ar age determina tions on silicates with or without Mo or W mineralization, with the resultant disclosure of the geochronological difference between the two types of the granitic rocks: one is related to the molybdenum mineralization, ranging from 46.6 to 65.2 m. y., and the other is related to tungsten mineralization, varying from 64.2 to 95.8 m. y. (Ishihara, 1973; Shibata and Ishihara, 1974) . For recently determined isotopic ages of minerals and rocks in Southwest Japan, see the compilation by Nozawa (1970) . Moreover, Ishihara (1971) pointed out that tungsten deposits tend to be associated with less acid intrusives than molybdenum deposits. In addition, the difference in the oxidation state between the two types of granitic rocks was suggested by Ishihara (1971) and Tsusue and Ishihara (1974) .
On the other hand, concerning these tungsten ore deposits themselves and the mineralogical properties of the wolframite series, only a little researches have been done to date. For instance, Sasaki (1959) investigated the lattice parameters of synthetic and natural wolframite series. On the basis of the X-ray analyses of the series from 42 localities in Japan, Sasaki (1961) and Sasaki and Ishihara (1976) con cluded that the wolframite series from the "plutonic -type ore deposits" show a wide compositional variation from pure FeWO4 to pure MnWO4 end members of the series. While, those from "subvolcanic-type ore deposits" are tend to have composition of the end members. Also Sasaki (1961) placed stress on the effect of chemical com position of surrounding rocks on the com position of the series. Recently, Hsu (1976) examined the stability relations of the wolframite series and concluded that the variation of Fe/Mn ratios in the series is of little value as a clue to estimate physico chemical environments during ore deposi tion.
However, detailed investigations have not been done yet on the series from the ore deposits genetically related to the granitic rocks of the Chugoku district.
In this paper, the natural wolframite series from 27 localities were investigated. Most of the specimens were collected from the ore deposits in the granitic rocks of different petrological and geochemical properties which might, in part, be responsible for the diversity of the min eralogical characteristics of the wolframite series in the district. For the comparative study, wolframites from some other localities , such as those from the Hagidaira mine were also examined. By means of the lattice parameter measurements, ore microscopy, and X-ray fluorescence analyses , the minera logical characteristics of the wolframite series and their regional variation of Fe/Mn ratios in the series from the Chugoku district will be discussed. The detailed examinations of chemical compositions of the series using electron microprobe are now in progress and will be published in near future.
We are grateful to Dr. A. Sasaki, Geo logical Survey of Japan, to Dr. L. C. Hsu, University of Nevada, and to Dr. H. Sch rocke, der Universitat Miinchen, for their helpful suggestions on the wolframite works. Thanks are extended to Dr. K. Kinosaki, a pioneer in research of W-Mo ore deposits and granitic province of the Chugoku district, for his constant encouragements during the course of this study. Miss N. Fukuhara of this Institute assisted us in preparation of the manuscript. The present study was in part financially supported by the Grant-inAid for Science Research from the Ministry of Education of Japan.
OUTLINE OF WOLFRAMITE-BEARING ORE DEPOSITS IN THE CHUGOKU DIS TRICT
With the exception of scheelite, the tungsten ore deposits in the Chugoku dist rict occur mainly as wolframite-quartz veins in the granitic rocks of the two rock provinces, to which they are assumed to be genetically linked. Following their rock provinces, general descriptions of the ore deposits are given bellow.
A. Ore deposits in granitic rocks of the SanyoNaegi Zone
The tungsten ore deposits, occurring as quartz-wolframite veins, are most widely distributed in this rock province. The host granitic rocks are commonly "greisenized" near the veins. This type of veins occur usually at the marginal part of the granitic rocks and their distribution is restricted to a rather narrow zone in the eastern part of the district, while the zone expands towards the central part. In the western part of the Sanyo-Naegi Zone, as is seen in Fig. 1 , the ore deposits are most frequently distributed even near the Sanin-Shirakawa Zone. K-Ar ages on minerals of granitic rocks of the Sanyo-Naegi Zone are in the range 50 to 100 m. y., including those of the Ryoke Zone (Ishihara, 1973) , while alteration products associated with tungsten mineralization give an age ranging from 64.2 to 95.8 m. y. (Ishihara, 1973; Shibata and Ishihara, 1974) .
As is seen in the figure, some of the ore deposits occur in the sedimentary rocks of Paleozoic Age which is intruded by granitic rocks. These ore deposits are also quartzwolframite veins accompanied with greis enization. In pyrometasomatic deposits, wolframite is sometimes present as pseudo morph after scheelite (Sato, 1977) . The mineral assemblage of these types of veins is very similar to that of the adjacent ore deposits of contact metasomatic or hydrothermal origins. Representative ore minerals are chalcopyrite, pyrite, pyrrho tite, sphalerite, galena, molybdenite, and scheelite, with small amounts of As, Bi, and Sri minerals. Common gangue min erals are quartz, muscovite (sericite), topaz, fluorite, and potash feldspars. It should be noted that in all of the veins, woiframite decreases with increasing depth, resulting in the presence of abundant quartz and small amounts of molybdenite in the lower part of the ore deposits.
The following ore deposits are included in this category and the descriptions of these ore deposits are summarized in the Appendix.
Masuda mine, Shimane Pref., Kiyomizu mine, Shimane Pref., Sasagase mine, Shimane Pref. Jyutoku mine, Yamaguchi Pref., Ninkoji mine, Yamaguchi Pref., Kichinan mine, Yamaguchi Pref., Mukai -gatao mine, Yamaguchi Pref., Soo mine, Yamaguchi Pref., Ono mine, Hiroshima Pref., Mihara-Sogo mine, Hiroshima Pref., Aji mine, Hiroshima Pref., Setoda mine, Hiroshima Pref., Ichinohata mine, Hiro shima Pref., Asahara mine, Okayama Pref., Ibara mine, Okayama Pref., Yamate mine, Okayama Pref., Mizuwakare mine, Okayama Pref., and Mabi mine, Okayama Pref.
B. Ore deposits in granitic rocks of the Sanin-Shirakawa Zone
The tungsten ore deposits of the Sanin-Shirakawa Zone, though poor in number and production, occur as wolframitemolybdenite-quartz veins or networks in granitic rocks. There is a tendency that the ore deposits concerned are distributed along the southern margin of the granitic rocks of the Sanin-Shirakawa Zone, of which K-Ar ages on minerals of the granitic rocks vary from 25 to 75 m. y. (Ishihara, 1973) , while alteration products such as muscovite associated with molybdenum mineralization give an age ranging from 46.6 to 65.2 m. y. (Ishihara, 1973; Shibata and Ishihara, 1974) . In this type of ore deposits, molybdenite is much more abundant than wolframite and the mineral assemblage observed is more simple than those descri bed before. Associated ore minerals are pyrite, chalcopyrite, magnetite, and/or pyrrhotite. The veins are characteristically greisenized, containing sericite (muscovite), potash feldspars, garnet, so-called "green biotite", and rarely andalusite. In contrast to the ore deposits of the Sanyo-Naegi Zone, as was suggested by Kinosaki (1952) , it is noted that "pneumatolytic" minerals such as topaz are lacking in those of the SaninShirakawa Zone.
The following ore deposits are belonging to this granitic province and the descrip tions of the ore deposits and specimens are given in the Appendix.
Sekigane mine, Tottori Pref., Komaki mine, Shimane Pref., and Shikatagahara mine, Shimane Pref..
C. Ore deposits outside of the Chugoku District
For the comparative studies, wolfr- (100), (011), (110), (111), (111), (020), (002), (120) Finally, it is pointed out that Sasaki's results on which the present discussions are based have a weak point because they are not grounded on the chemical analyses. Therefore, quantitative analyses such as microprobe analyses will be a great help in attacking the problems of the compositionlattice parameter relationships and above stated deviation, which are now in progress in our laboratory. C. Regional variations of iron/manganese ratios in wolframite series from Chugoku District Spatial distribution of the regional variations are schematically depicted in Fig.  1 . Of the wolframite series here inves tigated, sample from the Hagidaira mine, Gunma Pref., is most enriched in manganese, almost pure huebnerite, which is also evi denced by the analytical data described in Appendix. The specimen occurs in quartzmanganese veins which cut the bedded ma nganese deposits. To be noted is that all the samples having composition close to MnWO4 end member came from manganese deposits or Paleozoic formation nearby or rich in manganese deposits, supporting the conclusion reached by Sasaki (1960; personal comm., 1977) . Relatively Mn-rich speci mens such as those from the Takatori, Kaneuchi and Masuda mines are also found in similar geologic setting to the above. While, relatively high oxidation state may be characteristic of the ore fluids and perhaps of granitic magma of the granitic rocks of the Sanin-Shirakawa Zone, possibly, in part, responsible for relatively Mn-rich series from the Sekigane** and Komaki mines. This is because a part of iron dissolved in the ore fluids goes into solid phase to form magnetite due to its less resistivity to oxidation relative to manganese, resulting in relative enrichment of Mn in the fluids to precipitate relatively Mn-rich members. Such an explanation is supported by the observations that magnetite deposits are occur in the granitic rocks to which the Sekigane Mo-W deposits are related and that the iron oxide minerals are intimetely associated with Mo-W ores at the Komaki mine. On the other hand, evidence is lack ing that the remaining ore deposits under consideration from Southwest Japan occur in Mn-rich horizon or adjacent to manganese ore deposits. These deposits are character ized by the ore fluids and perhaps of granitic magma of the Sanyo-Naegi Zone of low oxidation state. For instance, this is evidenced by the fact that in the skarn-type tungsten-copper deposits within the Kiwada scheelite province (Soeda, 1963) to considerable degree and iron oxide is poor. The wolframite series from the Fujigatani mine of the province is close to the ferbelite end member . The low oxida tion condition may, in part , be responsible for the deposition of Fe-rich members .
The samples from the Asahara mine area are exceptionally high in Mn com pared with those from the adjacent Mizuwakare and Yamate (Shitekurayama) mines, which are all apparently related to the granitic rocks of almost same property. Aside from this, it has been the subject of much controversy that the temperature of formation is an important factor to control Fe/Mn ratios in the wolframite series, resulting in conflicting discussions (ex. Baumann and Starke, 1964, 1965; Ganeev and Sechina, 1960; Lawrence, 1961) . This subject has been critically discussed in the recent works of Clark (1970), Taylor and Hosking (1970) , Grooves and Baker (1972) and Hsu (1976) . Special attention should be paid to the fact that the concept of temperature dependency of Fe/Mn ratios of the series has been discussed on the basis of empirical observation rather than experimental or theoretical considerations. This problem is now being attacked using the fluids inclusions in quartz and some transparent minerals closely coexisting with the wolframite series. For the preceding discussion, it is concluded that composition of the wolframite series may vary according to the bulk chemical composition of the surrounding rocks through which the ore fluids travelled and to oxidation state of the ore fluids and perhaps of related granitic magma. As was suggested by Hsu (1976) , variations in Fe/Mn ratios of source mater ials may also be of significant importance. may give an evidence in support of this.
(4) As to regional variation of Fe/Mn ratios in the series from the Chugoku district, there seems to exist a tendency, though not so remarkable, that wolframites in the granitic rocks of the Sanin-Shirakawa Zone, characterized by relatively high oxida tion state, are rich in Mn, while wolframites in those of the Sanyo-Naegi Zone, character ized by relatively low oxidation state, are rich in Fe.
(5) All the specimens having composi tion close to MnWO4 end member came from manganese or Paleozoic formation nearby or rich in Mn deposits, supporting the conclusion reached by Sasaki (1960).
(6) Thus, it follows that composition of the wolframite series may vary according to the bulk chemical composition of sur rounding rocks through which the ore fluids travelled and to the oxidation state of ore fluids and perhaps of related granitic magma. Other possible factors to affect the Fe/Mn ratios are temperature and acidity of the ore fluids, detailes of which will be discussed in a subsequent paper.
(7) The compositional distribution of natural wolframite series, characterized by the relatively rare occurrences of Mn-rich member, may indicate the degree of difficulty of the Fe/Mn substitution in the crystal structure and the probable existence of immiscibility gap in the system.
APPENDIX Descriptions of ore deposits and samples used in this experiments
The ore deposits from which wolframi tes obtained will be briefly described in the following. All of the mines of the Chugoku district are now closed . except (A-11) Mihara-Sogo mine, Hiroshima Pref. (STW76-29) . The ore deposits of the mine are tungsten-quartz veins filling joints within silicified and greisenized biotite granite (Underground Resources in Hiros hima Prefecture, 1953) . This specimen consists of small sized platy crystals, closely associating with chalcopyrite, bornite, arsenopyrite, covellite and chlorite.
(A12) Aji mine, Hiroshima Pref. (STW76-30) . The ore deposits of the mine are wolframite-quartz veins with partially pegmatitic portion, occurring in biotite granite (Kinosaki, 1952) . Platy wolframite up to 5mm long, subjected to secondary alteration occurs intimately associated with scheelite and molybdenite in quartz vein.
(A-13) Setoda mine, Hiroshima Pref. (STW76-10). The ore deposits of the mine are tungsten-copper-quartz veins with some pyrite, topaz, potash feldspars and spinel, occurring mainly in fine-grained granitic rocks altered. This specimen consists of tabular crystals up to 1.5 cm long closely associated with chalcopyrite, pyrrhotite, bornite, wittichenite, molybdenite, stan noidite, mawsonite, native bismuth and sericite (Soeda and Hirowatari, 1972) .
(A-14) Ichinohata mine, Hiroshima Pref. (STW76-08). The ore deposits of the mine are wolframite-quartz veins in quartz porphyry (Kinosaki, 1952) . Wolframite studied occurs as platy crystals in associa tion with sphalerite and native bismuth with small amounts of topaz.
(A-15) Asahara mine, Okayama Pref. (STW76-31) . The ore deposits of the mine are wolframite-quartz veins in biotite granite (Kinosaki, 1952) . Wolframite of platy form up to 2 cm long came from the mineral collections of Hiroshima University, occurring in close association with chal copyrite, sphalerite, galena, pyrite and covellite.
(A-16) Ibara mine, Okayama Pref. (STW76-09). The ore deposits of the mine are wolframite-quartz veins, occurring both in granitic rock and in Paleozoic sedimentary rocks (Kinosaki, 1952) . Wolframite, came from the mineral collections of Hiroshima University, occurs as tabular crystals up to 1cm long in intimate association with pyrite, marcasite, chalcopyrite, molybdenite, scheelite, native bismuth and fluorite.
(A-17) Yamate (Shitekurayama) mine, Okayama Pref. (STW76-32) . The ore deposits of the mine are wolframitemuscovite-quartz veins in fine-grained granitic rock. Wolframite examined occurs as platy crystals up to 1.5cm long in quartz vein with small amounts of scheelite, molybdenite, native bismuth, chalcopyrite, bornite, pyrite, cassiterite, topaz and chlorite. The 3R polytype mixed with 2H1 of molybdenite was reported from the deposit (Watanabe and Soeda, 1978) . (B-2) Sekigane mine (SG770801-06). Samples (SG770801-06, -08, -09 and -10) were kindly presented by the manager's survivors of the mine. These specimens occur as massive aggregates intimately associating with scheelite, quartz and muscovite, forming a pod in extensively altered granitic rocks of medium-grained. -25) . The ore deposits of the mine are rnolybdenite-garnet-"green biotite"-ser icite-andalusite-quartz networks, which form a kind of ore pipe in fine-to mediumgrained granitic rocks. Wolframite, sche elite, pyrrhotite, magnetite, pyrite and chalcopyrite are present as accessory mineral (Tsuboya and Ishihara, 1961) . Samples (STW76-25 and -26) were presented by Dr. S. Ishihara, Geological Survey of Japan . Wolframite examined occurs as columnar crystals up to 3 mm in intimate association with quartz, muscovite, "green biotite" and small amounts of pyrite and magnetite , which came from a branch of the Ichiman ore deposit.
(B-7) Komaki mine (STW76-26). This specimen came from concentrates after table floatation. Details of the occurrence are not known.
(B-8) Shikatagahara mine, Shimane Pref. (MW77115-03). The ore deposits of the mine are wolframite-quartz veins with some molybdenite, occurring in mediumgrained biotite granite which is characterized by the presence of abundant hydrothermal biotite and chlorite. Wolframite studied is rarely associated with other ore minerals such as magnetite partly replaced by hem atite. The specimen consists of platy crystals, partly replaced by scheelite. Ac cording to Kinosaki (1952) , wolframite occurs also in the pegmatitic portion of the granite.
C. Ore deposits outside of the Chugoku District (C-1) Kaneuchi mine, Kyoto Pref. (STW76-14) . The ore deposits of the mine are wolframite-quartz veins, occurring in Paleozoic sedimentary rocks. They are assumed to be genetically linked to granitic cupola possibly lying in depth (Imai et al., 1972) . This specimen consists of platy materials up to 5cm long in close association with bornite, pyrrhotite, sphalerite, scheelite, arsenopyrite, chalcopyrite, native bismuth, muscovite, potash feldspars and some others, which came from the Gessei No. 4 deposit.
(C-2) Ikuno mine, Hyogo Pref. . The ore deposits of the mine are well-known polymetallic (Cu-Pb-Zn-Sn-W) veins of subvolcanic type, which occur in sedimentary rocks, pyroclastics and intrusives of Upper Cretaceous Age. This sample, came from the mineral collections of Hiroshima University, occurs as platy crystals up to 3 cm long, closely associating with arsenopyrite, chalcopyrite, bismuthinite, stannite and some other minerals, which was taken from the Kanagase deposit.
(C-3) Hagidaira mine, Gunma Pref. (H5707001). The ore deposits of the mine are bedded manganese deposits in the Paleozoic sedimentary rocks metamorphosed to biotite hornfels caused by granodiorite intrusion (Hirowatari and Takeda, 1962) . This specimen presented by Prof. F. Hirowatari, Kyushu University is in quartz vein with pyrite, pyrrhotite, chalcopyrite and rhodochrosite, cutting the ore body composed mainly of rhodonite, spessartine and quartz. Chemical composition of this specimen (in wt. per cent) is : MnO, 21.87; FeO, 1.22; WO3, 75.54; SiO2, 1.25; CaO and MgO, trace (Prof. F. Hirowatari, private comm.) .
(C-4) Takatori mine, Ibaragi Pref. (STW76-16). The ore deposits of the mine are hypothermal tungsten-quartz veins in slightly metamorphosed sediments of Paleo zoic Age (Takenouchi and Imai, 1971) . The specimens (STW76-16 to -18) came from the mineral collections of Hiroshima University. Wolframite examined occurs as platy crystals up to 10 cm long in associa tion with chalcopyrite, bornite, wittichenite, magnetite, scheelite and pyrite in quartz vein.
(C-5) Takatori mine (STW76-17). This sample consists of columar or platy materials up to 8cm long closely associating with small amounts of chalcopyrite and pyrite.
(C-6) Takatori mine (STW76-18). Wolframite investigated occurs as platy crystals intimately intergrown with minor pyrite, chalcopyrite, sphalerite, stannite and chlorite in quartz vein.
(C-7) Wakikawa mine, Niigata Pref. (STW76-15) . The ore deposits of the mine, now closed, are molybdenite-wolframitequartz veins in argillized zone of granitic rock (Tatsumi, 1954) . This specimen occurs as small-sized tabular crystals in close association with flaky molybdenite in quartz vein.
(C-8) Mandai mine, Korea (STW76-23). Samples from the Mandai and Nam poto, China, came from the mineral collec tions of Hiroshima University. Unfortunately, no information is available for these deposits. Wolframite exmained occurs as large platy crystals up to 5cm long with quartz and scheelite. The latter consists of both individual single crystals and materials replacing wolframite.
(C-9) Nampoto, China (STW76-24). This specimen consists of large tabular crystals more than 10cm long characteriz ed by strong fissility, with some thin layer of muscovite.
(C-10) Coldspring, U. S. A. (STW76-02). This sample from the Coldspring tungsten mine, Colorado, of which informa tion was not obtained, came from the mineral collections of Hiroshima University. Wol -framite studied is fine-grained and granular aggregates.
(C-11) Unknown Locality-1 (STW76-20). Wolframite samples of unknown locality-1 and -2 came from the mineral collections of Hiroshima University. They were probably from the Chugoku district. This specimen occurs as large and massive aggregates. 
